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With many industrialized societies bearing the cost of an 
increasingly sedentary on the health of their populations there is a 
need to find new ways of encouraging physical activities to 
promote better health and well being. Exergaming is a term used 
to describe video games that also provide exercise as part of the 
experience and is thus a possible means of encouragement, 
particularly for an audience that may be reluctant to undertake 
more conventional forms of exercise.  With the increasing power 
of mobile phones and the recent emergence of personal heart rate 
monitors, aimed at dedicated amateur runners, there is now a 
possibility of enabling Mobile Exergaming incorporating real-
time physiological data along with other general fitness 
applications designed to promote well being. In this paper we 
present a novel heart rate and movement controlled Mobile 
Exergame inspired by the old arcade classic Space Invaders which 
we have termed Health Defender which forms part of a general 
health monitoring software for mobile phones called Heart Angel. 
Player experience shows the potential for mobile exergaming and 
that as the technology becomes more prevalent is a real possibility 
for improving health and well being. 
Categories and Subject Descriptors 
J.7 Computers In Other Systems  
General Terms 
Design, Experimentation, Human Factors. 
Keywords 
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1. INTRODUCTION 
It is well accepted that the increasingly sedentary lifestyle of 
many industrialized societies is helping fuel the dramatic rises in 
type 2 diabetes, chronic heart disease and obesity. In the UK it has 
been widely reported across the various News media that recent 
estimates suggest that over 40% of school age children are 
overweight or obese, and by 2010 more than half of children may 
be obese. In addition to this, depression and mental ill health is set 
to be one of the fastest growing conditions in UK with 1 in 6 of 
the population suffering from a neurotic disorder [4]. Whilst the 
overall reasons for this are complex there are simple things we 
can all do to improve this situation one of which is exercise. 
However, many people are reluctant to engage in traditional forms 
of exercise which has led to a growth in interest of so-called 
‘exergaming’ activities to provide novel and ‘fun’ ways of taking 
exercise. 
Exergaming is a term used to describe video games that also 
provide exercise [7], not to be confused with biometric gaming 
that has been linked to emotional gaming in that they try to 
incorporate player’s emotional responses, such as stress or 
happiness, to influence game play. "Exergames" can be sub 
divided into two main groups, those with a game specifically 
designed to use an exercise input device and those 
implementations using a particular genre, or a generic game to 
provide exercise. The Wii Fit from Nintendo is probably the most 
well know of the former utilizing the Wii Balance Board 
peripheral to provide a series of games, the result of which are 
used to provide players with an estimate of their current fitness 
level and improve it. In terms of the second category Dance 
Dance Revolution by Konami, and Guitar Hero from Activision 
would exemplify a game requiring high levels of physical 
interaction thus providing a degree of exercise. 
In terms of mobile phones Exergames, Location Based Games 
(LBG) (i.e. games where physical movement through space is the 
primary mechanic) [3] and motion controlled games [6] are the 
obvious examples, although in general their effects on player 
fitness are not relayed back to the player as they have no access to 
player real-time physiological data. With the increasing power of 
mobile phones and the recent emergence of personal heart rate 
monitors aimed at dedicated amateur runners, there is now a 
possibility of enabling Mobile Exergaming incorporating real-
time physiological data along with other general fitness 
applications designed to promote well being.  
In this paper we present a novel heart rate and movement 
controlled Mobile Exergame inspired by the old arcade classic 
Space Invaders which forms part of a general health monitoring 
software for mobile phones called Heart Angel. Whilst this game 
is not the first to incorporate heart rate as a game mechanic [1] it 
is the first to provide direct real-time physiological feedback to 
the player and run on mobile phone. 
 
 
Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
ACE’08, December 3–5, 2008, Yokohama, Japan. 
Copyright 2004 ACM 1-58113-000-0/00/0004…$5.00 
2. HEART ANGEL 
Heart Angel [2] is a health monitoring application written in 
J2ME developed to help people monitor, record, and improve 
their personal health and well being through in-built standardized 
cardio-respiratory tests, or a mini-game inspired by the old arcade 
classic Space Invaders called Health Defender.  
The application makes use of a Bluetooth enabled mobile phone 
to connect to a Heart Rate Monitor (HRM), as well as an inbuilt 
Global Positioning System (GPS) receiver to collect data on users 
Heart Rate (HR), as well as their location trail. 
Heart Angel incorporates a series of tests developed to measure 
and improve health. Users can select between a 3 minute Step-
Test, or the recognized Rockport Test, to monitor and obtain a 
standardized measurement of their current fitness level. Results 
can be saved as a text file for future analysis and interpretation 
through the application itself, or downloaded to a computer. 
For users requiring a more detailed analysis of their performance 
Heart Angel provides for the use of a phones inbuilt GPS receiver 
together with the HRM. This allows data on HR at a given time 
for a given position to be recorded at 2 second intervals and saved 
as a text file on the device for download. Exertion Maps can then 
be drawn for analysis seeing when, where, and why, exertion was 
highest during the workout. Multiple workouts for the same 
circuit can then be analyzed over time to observe improvements in 
performance. 
However, in this paper we shall concentrate on the Health 
Defender game and the results obtained from initial user 
experience. In the following section we provide greater detail of 
its design and functionality. 
3. HEALTH DEFENDER 
3.1 Introduction  
Health Defender makes use of an Alive Technologies HRM to 
collect and relay HR data back on a player to a mobile phone in 
real-time using the Bluetooth protocol. This data is used to both 
inform players on their current HR exertion during game play, and 
events such as triggered bonuses. The objective is to encourage 
players to exercise during game play, through triggered bonuses, 
to both improve gaming experience, as well as personal health. 
The objective of the game is for players to destroy as many 
invading viruses as possible. The game tries to encourage gamers 
to actively workout during game play by triggering a Bonus 
screen awarding different bonuses to players if their real-time 
physiological data is raised to match the target HR exertion rate. 
3.2 Connectivity 
To play Health Defenders players are required to enable Bluetooth 
connectivity on their mobile phone, as well as strapping up to the 
Alive Technologies HRM Chest-Strap, as shown in Figure 1.  
 
 
Figure 1. Alive Technologies HRM Chest-Strap connected to 
phone via Bluetooth. 
3.3 Game Play 
Figure 2 is a dual screenshot of the main game display for Health 
Defender. The top section of the screen displays information on 
the number of lives, remaining hits, and current score for a player. 
The bottom section of the screen shows a player’s current HR 
exertion, current game level and any bonus available.  
 
 
Figure. 2 Health Defender Game Display 
 
In this version of Health Defender gamers interact with the game 
through the use of the mobile phone’s keypad. Controls include 
left and right movements, as well as firing and using any “Bonus” 
a player may have obtained. 
3.3.1 Heart Rate Controlled Events 
To try to improve personal health and gaming experience through 
player interaction, this version of Health Defender makes use of 
personal physiological data obtained via the real-time HR data 
feed from the HRM to relay back such information on a player. 
At random intervals during game play players are prompted with a 
“Bonus Screen”, see Figure 3, in which players can see their: 
o Starting Heart Rate: a players HR at the time the 
bonus was initiated, 
o Current Heart Rate: 
o Target Heart Rate: HR a player needs to match to 
successfully pass the challenge before the time is up. 
 
 
Figure 3. Bonus Screen Display   
 
When a player is prompted with this screen, their objective is to 
raise their HR exertion by 10 beats per min, in an unspecified 
period of time. How a player decides to achieve this rise in HR 
exertion is left completely up to them, whether it is jumping or 
statically jogging.  
If players successfully raise their HR in the given time period the 
game resumes at the point where the challenge was initiated with 
a random bonus awarded to the player. This version of Health 
Defender awards one of two bonuses; 
1. Shield – awards three extra hits to the player.  
2. Bombs – awards two bombs with a greater impact area, 
see Figure 2 rightmost screenshot. 
If players do not manage to successfully complete the challenge, 
the game resumes at the point where the challenge was initiated 
with no bonus awarded. The number of Bonuses a player can 
possess at any one time during game play is limited to one. The 
bonus screen will not randomly self generate until players have 
used up their current bonus. 
 
It is through these HR exertion challenges that Health Defender 
tries to promote and improve personal health. By rewarding 
players for successfully increasing their HR exertion to that 
specified, it is possible to obscure the feeling of physical workout 
for that of a bonus, as well as unique user game play interaction.  
4. PLAYER EXPERIENCE 
Player experience for the discussed version of Health Defender 
has provided initial player feedback as well as exposed glitches in 
game design. It was noted early into testing that the HRM was 
prone to errors due to the connection between the Chest Straps 
and a player’s skin. Dampening the area of contact minimized the 
frequency of errors, but with heart rate not being constant meant 
that a five value filtered average for HR was implemented, both 
for player feedback and smoother game play.  
Some players felt that a separate Bonus screen in which to 
encourage them to raise their HR was inefficient. Though bonus 
screens were randomly generated, it was noted that if time periods 
between these were too long players recovered “peacefully” after 
workouts and therefore easily perform the next, while short time 
periods discouraged players from performing the workouts due to 
these being too frequent and subsequently intense. A stronger 
direct link between player exertion and awarding bonuses during 
game play was therefore required. 
For this reason a new approach at linking player HR to real-time 
game play is being researched. The benefits of having a high HR 
exertion during game play would be more obvious, while only 
using separate screens to pause game play at certain occasions. To 
achieve this player characteristics are directly linked to player 
real-time HR values displaying different bonuses, such as 
increased fire power, paired to different HR thresholds. This 
allows players to raise or lower their HR according to what best 
suits them at any particular time during game play. Certain 
bonuses would be subject to timers after which a player would 
need to lower their HR below the defined threshold to reactivate 
the bonus, and then raise their HR to obtain it. Just as a high HR 
would benefit a player, low HR could be of detriment to them. 
Not only is physical workout better disguised, but players are 
further encouraged to raise, lower and maintain their HR exertion 
intensity to improve their character during game play. This in turn 
provides an increased health benefit over the discussed version of 
Health Defender as HR exertion is maintained over longer periods 
of time, as well as training HR recovery. The generation of 
separate bonus screens can then be minimized and used to award 
greater bonuses, or penalize players if not successfully passed.  
Certain players suggested that game controls were inappropriate 
while trying to exercise with some finding it hard to interact with 
the keypad after raising their HR. For this reason the concept of 
linking player movements directly to character movements has 
been investigated and implemented. Not only is game play 
interaction further developed and improved, but physical exertion 
is also promoted through repetitive movements and a wider range 
of physical challenges being available, as discussed in Section 5.3. 
To allow for such interaction a new version of Health Defender is 
being developed that makes use of three inbuilt Accelerometers 
found in the HRM used to relay back data on frontal, lateral and 
vertical displacement to the mobile phone. Through the use of 
these accelerometers, as opposed to the ones internal to the phone, 
the game mechanics are harder to ’fake’ by players. This is 
because players are required to strap the HRM around their chest 
to obtain a real-time ECG feed, as well as physical movement 
measured by the accelerometers being through the torso rather 
than the player’s hand. Therefore, unlike the movements used in 
Nintendo’s Wii Sports Tennis which can be simulated with the 
mere flick of the wrist once mastered by players. 
Four possible player interaction controls have been implemented 
awaiting players testing. The first involves players movements 
been mapped to players lateral inclination with players firing 
through keypad interaction. Secondly players use the keypad to 
move, but firing is achieved through small physical jumps. The 
third is a combination of the previous two where players move by 
inclining their bodies, while jumping to fire. The final 
implementation lets players defining their required action (i.e. 
move left, move right, fire) through the keypad and executing 
them by jumping.  
When player trials are conducted data on player movements as 
well as HR exertion against time will be recorded to investigate 
the links between player interaction and increased physical 
exertion.  
5. FURTHER DEVELOPMENT 
5.1 Personal Data 
Adapting game play to player characteristics would be possible 
through the collection of personal data. By knowing a gamers’ 
resting HR together with their age and weight, it would be 
possible to calculate their relative HR Training Zone intensities. 
Players could then set the intensity of the physical workout they 
wished to perform, with the game adapting threshold boundaries 
for HR exertion bonuses. This would obtain the maximum 
physical workout effectiveness [5] from players as the game is 
calibrated to their current physical fitness level encouraging them 
to work above it. 
More accurate and informative feedback could then be relayed 
back to players by drawing a player’s HR exertion graph for the 
total duration of game play. Further, it would be possible to 
subdivide this into the different HR Training Zones and show the 
duration and intensity of physical workout performed. Even 
further player feedback could include total calories burned during 
game play.  
5.2 Game Playing Environment 
By considering how gamers will be exercising while playing 
Health Defender it is possible to maximize the health benefits of 
exergaming, as well as the use of real-time physiological data in 
gaming.  
There are many different varieties of cardiovascular exercising 
machines available with one thing in common, they are tedious to 
use. Playing an exergame, like Health Defender, during the use of 
such machines would maximize the game’s health benefit as well 
as providing a new game play approach. Machine specific 
challenges could also be devised. 
5.3 Challenges 
The discussed version of Health Defender makes use of a players 
HR to decide whether to award a bonus or not. Having suggested 
a link between HR exertion to main game play allowing gamers to 
choose when to increase their HR, as well as the incorporation of 
the HRM Accelerometers, it is possible to extend the variety and 
intensity of exercises a player is made to perform. Exercises 
targeted at training specific parts of the body can then be coded 
into the game with gamers being asked to perform pushups, pull-
ups or crunches, independently or in succession, in a given time 
period verified by the accelerometer data feedback. With basic 
character characteristic bonuses being awarded during game play, 
extra exercises could be used to award better bonuses or even as 
challenges in a future multiplayer game environment were gamers 
compete against each other.  
The combination of challenges that can be devised is endless. Not 
only can cardiovascular endurance be improved, but so could 
balance and strength. 
6. CONCLUSION 
Player trials for Health Defender have shown that it is possible to 
successfully incorporate a gamers’ real-time physiological data 
into a game to improve gaming experience as well as personal 
health. Player trials have shown though that the link between 
player physical exertion and game interaction is critical for 
developing a successful exergame that softens the sensation of 
physical workout for improved game play. 
A new version of Health Defender is currently being developed 
that takes the topics discussed under player experiences into 
account, as well as trying to incorporate further developments to 
improve game mechanics, game play and the level of physical 
exertion gamers perform. 
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